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(54) Title: BLOOD PUMP 



(57) Abstract 



The invention is a disposable, positive displacement piston 
pump (P), having a polycarbonate body (B), a piston (10), an inlet 
valve (22), and an outlet valve (24). The outlet valve (24) is connected 
to an exit chamber (28), which is separated from the exit valve (24) 
by an elastomeric membrane (18). The elastomeric membrane (18) 
encloses an accumulation chamber (16) which is filled with a fluid 
such as air under atmospheric pressure. Pulsations in outlet pressure 
caused by stroking of the piston (lO) are dampened by the flexing ac- 
tion of the elastomeric membrane (18), compressing the fluid within 
the accumulator chamber (16). The throw out of the pump is pres- 
sure-dampened and is of sufficient pressure to flow through very 
low-profile angioplasty catheters (A) having perfusion lumens (42) 
extending therethrough. The combination of the pump (P) with a 
very low-profile balloon angioplasty catheter (A) allows access of the 
catheter to a constricted passage with the ability to pump a sufficient 
volume of blood through such a low-profile catheter during balloon 
inflations. 
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This application is a C.I. P. of U.S. Serial No 
07/100,363 filed September 23, 1987, entitled "Angioplasty 
Catheter", which has two divisional applications- u s 
Serial No. 07/303,544 filed January 27, 1989, entitled 
"Angioplasty Catheter" and U.S. Serial No. 07/303,550 
filed January 27, 1989, entitled "Angioplasty Catheter" 
U.S. Serial No. 07/100,363 is a C.I. P. Q f U.S. Serial No. 
811,162 filed December 19, 1985, entitled "Angioplasty 
Catheter", which is abandoned. The contents of all said 
applications are incorporated by reference as if fully se t 
15 forth herein. 

FIELD OF THE INVENTION 

The invention relates to the field of equipment for 
elevating the pressure of blood to use during surgery or 
20 coronary angioplasty procedures. 

BACKGROUND OF THE INVENTION 

Recently, balloon angioplasty procedures have become 
more prevalent as a way of treating stenosis in arteries 
in a patient's body. It has also been desirable to pro- 
vide catheters having as low a profile as possible to 
reach as far as possible into the most constricted of 
passages. It is also desirable to continue the flow of 
blood during inflation of the balloon to prevent ischemia 
which may ensue during protracted inflations of the ball 
loon. 

The efforts, to reduce the profile of catheters has 
resulted in smaller and smaller lumens within such cathe- 
ters which are capable of transporting blood through its 
35 distal end during balloon inflation. As a result, higher 
and higher pressures have been needed to push the req- 
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uisite amount of blood -through lumens having reduced 
cross -sectional areas • 

The concept of pumping blood during balloon inflation 
incorporating a pump was originally described in an ear- 
5 lier U.S. Application Serial No. 100,363, filed Septem- 
ber 23, 1987, invented by Bandula Wijay and Paolo An- 
gelina. 

In the past, peristaltic pumps have been used to pump 
blood. These pumps suffer from two disadvantages. First, 

10 their ability to develop output pressure is limited, as 
compared to the pump of the present invention, which is 
capable of generating pressures to about 300 psig. Sec- 
ondly, the tube used in peristaltic pumps can suffer from 
partial disintegration, resulting in a release of particu- 

15 lates into the bloodstream, having undesirable effects. 

Not only is it important to pump a specified volume 
per unit of time through a catheter during coronary angio- 
plasty, but it is also important to be able to get a good 
idea of the pressures .developed by the pump, which can 

20 also be used as a means of determining the blood flow 
rates . 

Ordinarily, a positive displacement pump, such as a 
piston pump, would create pressure pulses with every 
stroke. The apparatus of the present invention provides 

25 a pulsation-dampening mechanism with the pump -to smooth 

out pressure pulses, thereby allowing continuous blood 
flow as well as precise flow measurements to be possible 
during balloon inflation. The pump can be built from 
materials that allow the body, including the pulsation- 

30 dampening feature, to be disposable. The pump body can be 
used in combination with a motor and a drive, with the 
motor and drive being reusable with each disposable pump 
body. The pump body of the present invention can also 
operate in any position and is small enough so that it can 

35 be used in emergency situations, such as emergency bypass 
graft surgery, to keep the patient's heart supplied with 
blood . 
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Pulsation dampeners have been in use with generally 
multi-cylinder piston pumps in the oil and gas business to 
pump a variety of well fluids as a means of reducing pipe 
vibration at the pump discharge 
5 Piston pumps have been employed to pump saline and 

other medications through intravenous catheters. 

Peristaltic pumps have been in use for pumping blood 
during open- heart surgery to perfuse coronary arteries. 
Peristaltic pumps are very low-pressure pumps; i.e., 80- 
10 120 psig maximum. Peristaltic pumps experience slippage 
and do not deliver a volumetrically reliable flow. The 
advent- of smaller and smaller angioplasty catheters has 
made it necessary to develop greater blood pressures to be 
able to pump a sufficient volume through smaller and smal- 
15 ler catheters' during PTCA. The pump of the present inven- 
tion meets this need. 

SUMMARY OF THE INVENTION 

The invention is a disposable, positive-displacement 
20 piston pump, having a polycarbonate body, a piston, an 
inlet valve, and an outlet valve. The outlet valve is 
connected to an exit chamber, which is separated from the 
exit valve by an elastomeric membrane. The elastomeric 
membrane encloses an accumulation chamber which is filled 
25 with a fluid such as air under atmospheric pressure. 
Pulsations in outlet pressure caused by stroking of the 
piston are dampened by the flexing action of the elasto- 
meric membrane, compressing the fluid within the accumu- 
lator chamber. The output of the pump is pressure-dam- 
pened and is of sufficient pressure to flow through very 
low-profile angioplasty catheters having perfusion lumens 
extending therethrough. The combination of the pump with 
a very low-profile balloon angioplasty catheter allows 
access of the catheter to a constricted passage with the 
35 ability to pump a sufficient volume of blood through such 
. a low-profile catheter during balloon inflations, while at 
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the same time significantly eliminating pressure pulsa- 
tions with each stroke* 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figure 1 is a sectional schematic view of the pump, 

showing its operating components. . 

Figure 2 shows the combination of the pump of Figure 
1 with an angioplasty balloon catheter as it is used with- 
in the patient and illustrating how the pump pushes blood 
10 through tiie catheter during balloon inflation* 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

As shown in Figure 1 , irhe pump P includes a body B . 
The pump P includes means for elevating pressure M r which 

15 further comprises of a plunger 10, a drive motor 12 , and 
a linkage 14. Operation of the motor 12 results in oscil- 
latory movement of the plunger 10. 

As shown in Figure 1, the body B further includes 
pulsation-dampening means D, which further comprises of 

20 an accumulator cavity 16 and a flexible membrane 18 made 
preferably of polyurethane having a Shore hardness of 60A 
to 55D. Other materials and hardnesses can be used with- 
out departing from the spirit of the invention. While 
Figure 1 shows the pulsation-dampening means D integral 

25 with body B, pulsation-dampening means D can be made sepa- 
rable from body B without departing from the spirit of the 
invention. 

The pump P also includes a pressurization chamber 20. 
The plunger 10 reciprocates within pressurization chamber 
30 20. Inlet valve 22 and outlet valve 24 are in flow commu- 
nication with pressurization chamber 20. 

When plunger 10 moves in the direction to expand the 
volume of pressurization chamber 20, such movement draws 
open valve 22 and draws closed valve 24, thereby filling 
35 pressurization chamber 20 with blood. Conversely, when 
plunger 10 moves in the opposite direction, valve 22 is 
urged into the closed position and valve 24 is opened. 
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Blood then flows through valve 24 into exit port 26. The 
flow of blood into exit port 26 builds up the pressure 
therein and displaces flexible membrane 18, thereby com- 
pressing the fluid in accumulator cavity 16 and allowing 
5 flow communication between exit port 26 and exit chamber 
cavity 28. Cavity 16 can be full of air at atmospheric 
pressure. Other fluids and/or initial chamber pressures 
higher than atmospheric can be used without departing from 
the invention. Conversely, when the pump is on the intake 
10 stroke and valve 24 is closed, flexible membrane 18" com- 
pletely covers exit chamber cavity 28, as well as exit 
port 26, and prevents flow between those two regions. 
This occurs because flexible membrane 18 seats up against 
wall 30. 

15 After the blood passes into exit chamber cavity 28, it 

passes through outlet opening 32. Inlet tube 34 may be 
connected to inlet port 36, and outlet tube 38 may be con- 
nected to outlet opening 32. 

The preferred material for body B is polycarbonate, 

20 although other materials can be used without departing 
from the spirit of the invention. It is preferred that 
the material of body B be transparent so that if there are 
any gas bubbles in the blood it can readily be seen. 
Additionally, a transparent body B allows rapid examina- 

25 tion of the condition of flexible membrane 18. 

The drive mechanism 14 can be preferably a reversible 
ball screw type of drive, but other drives resulting in 
oscillatory movement can be used without departing from 
the spirit of the invention. 

30 As seen in Figure 2, the outlet tube 38 can be con- 

nected to a fitting 40 on an angioplasty catheter A. The 
angioplasty catheter A has a lumen 42 extending there- 
through and a balloon 44, which when inflated as shown in 
Figure 2, cuts off the blood flow in the artery 46. When 

35 the pump P is- operated, blood is drawn from a blood sup- 
ply, such as a blood bag or directly or indirectly from 
the patient, such as from a renal vein or artery. The 
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blood moves Into inlet tube 34, through the pump and into 
outlet: tube 38, -through the lumen 42 of angioplasty cathe- 
ter A, and out the distal end 48. With the pump operat- 
ing, the blood 50 passes through the distal end 48 of 
5 angioplasty catheter A. Accordingly, with the blood SO 
flowing in artery 46 during expansion of balloon 44, the 
onset of ischemia is less likely. The use of the pump P 
permi-ts greater blood pressures to be developed so that: 
lower profile angioplasty catheters A can be used with 

10 lumens 42 having smaller diameters , but at the same time 
a sufficient; flow of blood can be pumped through the an- 
gioplasty catheter A to the distal end 48. 

Tbe pump P of "the present invention is portable anci 
can be operated in any position. It is designed so there 

15 are no dead spots for blood to collect to form, a clot, 
whicb could later dislodge and cause complications . It is 
small, about 1-1/2" x 4-1/2" x 3-1/2" . The driver is 
about 4" x 3" x 10". The combined assembly is easily 
transported and is lightweight. After use, the pump sec- 

20 tion can be disposed of and the drive motor and linkage r 
12 and 14 respectively, can be reused with another sterile 
pump . 

The addition of the accumulator cavity 16, coupled 
with the flexible membrane 18, smoothes out the oressure 
25 pulses to allow more accurate flow and pressure measure- 
ments, which can be accomplished by adding the appropriate 
instruments in the outlet tube 38 or between tube 38 and 
fitting 40. 

Alternatively, chamber 20 and plunger 10 can be con- 
30 figured in a double-acting arrangement, not shown, so that 
blood is pumped regardless of which way the plunger 10 
strokes. This configuration reduces pulsation and may be 
used with or without pulsation dampening means D. 

The foregoing disclosure and description of the inven- 
35 tion are illustrative and explanatory thereof, and various 
changes in the size, shape and materials, as well as in 



0 



WO 90/13321 PCT/US90/02478 

the details of the illustrated construction, may be made 
without departing from the spirit of the invention. 



WO 90/13321 PCT/US90/02478 

8 

WHAT IS CLAIMED IS: 

1. A pumping source for pumping blood comprising: 
a pump body 

means on said body for elevating pressure of 
5 blood passing through said body; and 

means in flow communication with said body for: 
dampening pulsation of the blood as it emerges from said 
pump body, said pulsation-dampening means further compris- 
ing: 

10 a housing defining an accumulator cavity therein? 

and 

a membrane covering said accumulator cavity r 
thereby enclosing said cavity • 

15 2. The pump of claim 1 wherein said pulsation-dam- 

pening means is integral with said pump body and wherein 
said membrane is disposed in said pulsation-dampening 
means in a manner as to avoid the creation of dead spots 
where blood can accumulate in the flowpath through said 

20 body. 

3. The pump of claim 1 wherein said pressure-elevat- 
ing means further comprises: 

at least one inlet valve; 
at least one outlet valve; 

at least one pressurization chamber defining a 
volume in fluid communication with both said inlet and 
outlet valves; and 

means for varying the volume of said pressuriza- 
tion chamber, 

4* The pumping system of claim 3 wherein: 

said pressurization chamber is cylindrical; and 
said volume-varying means is a piston. 

35 

5. The pumping system of claim 3 wherein: 
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said outlet valve is in flow communication with 
an exit port in said body; 

said membrane covering said exit port when said 
outlet valve is in the closed position, said accumulator 
5 cavity disposed on the opposite side of said membrane from 
said exit port; 

said body further comprising an exit chamber 
cavity defined therein, said exit chamber cavity spaced 
apart from said exit port; 
10 said exit chamber cavity is in flow communication 

with said exit port when said outlet valve is open and 
said membrane flexes, thereby reducing the volume of said 
accumulator cavity. 

15 6. The pumping system of claim 5 wherein said body 

further comprises an outlet opening in flow communication 
with said exit chamber cavity. 

7. The pumping system of claim 6, further compris- 

20 ing : 

a balloon angioplasty catheter having a perfusion 
lumen having an internal diameter adjacent: its distal end 
of approximately 0.020 inch extending therethrough; and 

said outlet opening in said body in flow communi- 
25 cation with said perfusion lumen in said catheter, thereby 
allowing pulsation-dampened, pressurized blood to be 
pumped through the catheter during balloon angioplasty 
procedures . 

30 8. The pumping system of claim 1, further compris- 

ing: 

a balloon angioplasty catheter having a perfusion 
lumen having an internal diameter adjacent its distal end 
of approximately 0.020 inch extending therethrough; and 
35 said body in flow communication with said per- 

fusion lumen in said catheter, thereby allowing pulsation- 
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dampened, pressurized blood to be pumped through the cath- 
eter during balloon angioplasty procedures . 

9. The pumping system of claim 8 wherein said pulsa- 
5 tion-dampening means is integral with said body and where- 
in said membrane is disposed in said pulsating dampening 
means in a manner as to avoid the creation of dead spots 
where blood can accumulate in the flowpath through said 
body. 

10 

10* A blood pump comprising: 

a body defining a cavity therein? 
at least one double-acting piston dividing said 
cavity into at least one first: and second chambers; 
15 inlet and outlet valves in flow communication 

with said first and second chambers; 

said valves selectively operable in response to 
movement of said piston to allow sequential operation of 
said valves to facilitate pressurization of blood in said 
first chamber as said piston moves in one direction, then 
in said second chamber as said piston moves in an opposite 
direction. 

11. The pump of claim 10 further comprising: 
25 means in said body for dampening pulsation of the 

pressure of the blood as it emerges from pump, said pulsa- 
tion-dampening means further comprising: 

a housing defining an accumulator cavity therein; 
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and 



a membrane covering said accumulator cavity, 
thereby enclosing said cavity. 



12. An apparatus for perfusing blood during angio- 
plasty comprising : 

35 a blood pump capable of developing pressure of at 

least 120 psig; 
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means in flow communication with said pump for 
dampening pulsation of the blood as it emerges from said 
pump, said pulsation-dampening means further comprising: 

a housing defining an accumulator cavity therein; 
5 a membrane covering said accumulator cavity, 

thereby enclosing said cavity; 

an angioplasty catheter having a perfusion lumen, 
having an internal diameter adjacent its distal end of 
approximately 0.020 inch, running through it; 
10 said pump in flow communication with said perfu- 

sion lumen to allow blood to be pumped through said lumen 
and distally of the catheter when said catheter is used on 
a patient. 

15 13 • Th © apparatus of claim 8 wherein said pressure- 

elevating means further comprises an inlet port adapted to 
be mounted to a patient's renal vein or an artery, thereby 
allowing continuous blood flow from the patient through 
said pump and said catheter during angioplasty. 

20 

14. The apparatus of claim 12 wherein said pump fur- 
ther comprises an inlet port adapted to be mounted to a 
patient's renal vein or an artery, thereby allowing con- 
tinuous blood flow from the patient through said pump and 

25 said catheter during angioplasty. 

15. The apparatus of claim 1 wherein said pressure- 
elevating means is capable of developing pressures at 
least as large as 120 psig. 

30 

16. The apparatus of claim 8 wherein said pressure- 
elevating means is capable of developing pressures at 
least as large as 120 psig. 

35 17 * The apparatus of claim 10 wherein said pump is 

capable of developing pressures at least as large as 120 
psig. 
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18, The apparatus of claim 1 wherein said pump fur- 
ther comprises: 

drive means connected to said pressure-elevating 
5 means for selective operation thereof; 

said pump, including said driver, is portable, 

19, The apparatus of claim 8 wherein said pump fur- 
ther comprises: 

10 drive means connected to said pressure-elevating 

means for selective operation thereof; 

said pump, including said driver, is portable. 

20, The apparatus of claim 10 wherein said pump fur- 
15 ther comprises: 

drive means connected to said piston for selec- 
tive operation thereof; 

said pump, including said driver, is portable. 

20 21. The apparatus of claim 12 wherein said pump fur- 

ther comprises : 

drive means connected to said piston for selec- 
tive operation thereof; 

said pump, including said driver, is portable. 

25 

22. The apparatus of claim 18 wherein: 

said body, t pressure-elevating means and pulsa- 
tion-dampening means are disposable and said drive means 
is reusable with replacement units comprising a body, 
30 pressure- elevating means and pulsation-dampening means. 

23. The apparatus of claim 19 wherein: 

said body, pressure-elevating means and pulsa- 
tion-dampening means are disposable and said drive means 
35 is reusable with replacement units comprising a body, 
pressure-elevating means and pulsation-dampening means. 



WO 90/13321 




posable 
bodies . 



24. 



The apparatus of claim 20 where said body is dis- 
and said drive means can be used with replacement 



25. The apparatus of claim 21 where said body is dis- 
posable and said drive means can be used with replacement 
bodies . 

26. The pump of claim 11 wherein said pulsation-dam- 
pening means is integral with said body and wherein said 
membrane is disposed in said pulsation dampening means in 
a manner as to avoid the creation of dead spots where 
blood can accumulate in the flowpath through said body. 

27. The pump of claim 12 wherein said pulsation-dam- 
pening means is integral with said body and wherein said 
membrane is disposed in said pulsation dampening means in 
a manner as to avoid the creation of dead spots where 
blood can accumulate in the flowpath through said body. 
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AMENDED CLAIMS 

[received by the International Bureau 
on 16 October 1990 (16.10.90); 
original claim amended; 
other claims unchanged (lpage) ] 

1. A pumping source for pumping blood comprising: 
a pump body 

means on* said body for elevating pressure of 
5 blood passing through said body; and 

means in flow communication with said body for 
dampening pulsation of the blood as it emerges from said 
pump body, said pulsation-dampening means further compris- 
ing: 

10 a housing defining an accumulator cavity therein; 

and 

a membrane covering said accumulator cavity, 
thereby isolating blood passing through said body from 
said cavity. 

15 

2. The pump of claim 1 wherein said puis at ion- dam- 
pening means is integral with said pump body and wherein 
said membrane is disposed in said pulsation-dampening 

means in a manner as to avoid the creation of dead spots 
20 where blood can accumulate in the flowpath through said 
body. 

3. The pump of claim 1 wherein said pressure-elevat- 
ing means further comprises: 

at least one inlet valve; 
at least one outlet valve; 

at least one pressurization chamber defining a 
volume in fluid communication with both said inlet and 
outlet valves ; and 

means for varying the volume of said pressuriza- 
tion chamber . 

4. The pumping system of claim 3 V7herein: 

said pressurization chamber is cylindrical; and 
3 5 said volume-varying means is a piston. 
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5. The pumping system of claim 3 wherein: 



WO 90/13321 



1 / 2 



PCI7US90/02478 




INTERNATIONAL SEARCH REPORT 



International Application No PCT/US90/024 78 



- CLASSIP 'CAT.ON OF SUBJECT MATTER (if several Passivation symbols apply, ind icate all) * 
IPC T5 )° ,ntem A6iM P l/00 aSSifiCaUOn 0PC) ° r t0 b ° th Nalional Classification and IPC 

U.S. Cl!: 604/151 



II. FIELDS SEARCHED 



Minimum Documentation Searched < 



Classification System | 



Classification Symbols 



U.S. 



•604/151, 152, 153, 154, 155, 141, 142, 246, 247 
1417/437,540 128/Digl2 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included In the Fields Searched * 



•/>;*-- 



III. DOCUMENTS CONSIDERED TO BE RELEVANT.-" 



Category * | Citation of Document, 16 with indication. where appropriate, ot the relevant passages t? I Relevant to Claim No. is 



X 

Y, P 

A 

A . 



US, A, 4,634,430 (POLASCHEGG) 06 ' January 1987 
(column 3, lines 44-61) " 

US, A, 3,447,479 (ROSENBERG) 03 June 1969 
(column 5, lines 66-75; column 6, lines 1-7) 

US, A, 4,857,054 (HELFER) 15 August 1989 
(abstract) 

US, A, 3,298,320 (LATHAM) 17 January 1967 

The Texas Heart Institute Journal, Vol. 13, No. 1, 
March 1986, Busch et al. "Myocardial Salvage Prior 
to Emergency Coronary Bypass Surgery for PTC A- Induced 
Coronary Occlusion" , (pp 113-122). 



:d, 2, 3, 4, 
1 18, 22) 



jCLO, 20, 24) 
(8) 



• Spocinl categories of cited documents: ' 5 

"A" document defining the general state ot the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority dete claimed 



later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or -cannot be considered to 
involve an inventive step 

"Y" document ot particular relevance; the claimed invention 
cannot be considered tc involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"i" document member of the same patent family 



IV. CERTIFICATION 



Date of the Actual Completion of the International Search 2 

27 June 1990 



International Searching Authority : 

ISA/US 



Date of Mailing of this International Search Report 1 



JJLAUGJSHIL 



Signature of Authorized Oft^ ^ fT»\J^*M^ 

^Corrine Maglion^ 7 ^' 1 ngoc-^ho 



Form PCT/ISA/210 (second sheet) (May 1 986) 



INTBRNAT IONAX DIVTSIOM 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LJNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



